Objectives. The purpose of the study was to analyze the factors that favor the occurrence of sustained monomorphic ventricular tachycardia in the early phase (<48 h) of acute myocardial infarction and to establish its prognostic implications.
The prognosis and the electrophysiologic mechanisms of sustained monomorphic ventricular tachycardia occurring in the subacute and chronic phases of myocardial infarction have been extensively investigated in patients and in experimental models (1, 2) . However, knowledge of the predisposing factors and the prognosis of sustained monomorphic ventricular tachycardia occurring during the first 48 h of myocardial infarction is very limited. Previous experimental data from our laboratory support the concept that spontaneous, sustained monomorphic ventricular tachycardia occurs in large myocardial infarctions (3) . In contrast, the majority of clinical studies dealing with ventricular arrhythmias during the early phase of myocardial infarction are focused on ventricular fibrillation (4, 5) or have considered ventricular tachycardia and ventricular fibrillation together (6 -8) . To our knowledge, only one study has analyzed the prognostic value of sustained ventricular tachycardia in the acute phase of myocardial infarction (9) , but patients with hemodynamic compromise were excluded. Furthermore, no studies comparing patients suffering from sustained monomorphic ventricular tachycardia with those presenting with ventricular fibrillation have been reported. Such a comparison may be relevant because several investigators have demonstrated that the characteristics and the arrhythmogenic substrate of patients with sustained monomorphic ventricular tachycardia in the chronic phase of infarction are different from those with ventricular fibrillation (10, 11) .
The aim of the study was to analyze the clinical characteristics and the prognosis of patients with sustained monomorphic ventricular tachycardia during the early phase of myocardial infarction. In addition, we compared the clinical variables of these patients with those from patients with ventricular fibrillation.
Methods
Patients. From January 1991 to January 1995, 1,124 patients with acute myocardial infarction were admitted to the coronary care unit (CCU) of our hospital. Readmissions to the CCU because of a reinfarction episode during follow-up occurred in 36 patients, but these episodes of reinfarction were not included in the analysis.
Data collection. Data on demographic and clinical characteristics, laboratory results and complications during the hospital stay were collected prospectively in a specially designed form. The diagnosis of myocardial infarction was based on clinical symptoms, evolving electrocardiographic (ECG) changes and serial elevation of total creatine kinase (CK) and CK-MB fraction isoenzyme (MB-CK) activity. Continuous ECG monitoring was started in the emergency room and was continued throughout the patients' stay in the CCU. Lidocaine was not administered prophylactically. Patients with sustained monomorphic ventricular tachycardia during the acute phase of infarction were followed up at the outpatient clinic. None of them was discharged on antiarrhythmic drugs, and they were not submitted to an electrophysiologic study.
To provide a comparative estimation of follow-up mortality among patients without sustained monomorphic ventricular tachycardia, we analyzed data from an institutional registry that began in April 1994 and included the last 167 patients of this nontachycardia group.
Definitions. Sustained monomorphic ventricular tachycardia was defined as a wide QRS (Ͼ120 ms) tachycardia with a uniform QRS configuration in at least one ECG monitor lead, and a constant cycle length that lasted longer than 30 s or provoked hemodynamic collapse.
For the purpose of the study, episodes of ventricular fibrillation that took place as a degeneration of a fast monomorphic ventricular tachycardia were not included in the ventricular fibrillation group. Also, patients who recovered from ventricular fibrillation outside the hospital were excluded because the initiating arrhythmia might have been a sustained monomorphic ventricular tachycardia. We did not consider an episode of ventricular fibrillation if it occurred as the final event of a cardiogenic shock.
Statistical analysis. Data are expressed as the mean value Ϯ SD. Differences among groups were assessed using the chi-square test for qualitative variables and the Student t test for continuous variables. Logistic regression analysis was performed using forward stepwise selection and the method of the likelihood ratio test to obtain the model that better explained the occurrence of sustained monomorphic ventricular tachycardia and the model that better predicted in-hospital mortality-the dependent variables in both cases. CK-MB activity was transformed into a dichotomic variable according to the best sensitivity and specificity to predict the event using the receiver operating characteristic curves (12) . Two different cutoff points were chosen: one for the prediction of sustained monomorphic ventricular tachycardia with a CK-MB activity of 350 IU/liter and another for the prediction of mortality with a CK-MB activity of 100 IU/liter. The level of statistical significance was p Ͻ 0.05. Statistical analysis was performed using the SPSS package (13) .
Results
Among the 1,124 consecutive patients admitted with the diagnosis of myocardial infarction, 25 presented a sustained ventricular tachycardia during the first 48 h of infarction. Four of them were excluded from the analysis (one patient because the tachycardia was polymorphic and three because of incomplete evidence of the monomorphism of the QRS complex during tachycardia). Therefore, the frequency of sustained monomorphic ventricular tachycardia in the very early phase of myocardial infarction was 1.9% (21 of 1,120 patients). A 12-lead ECG during tachycardia could be obtained in 7 of the 21 patients. Figure 1 depicts an example of a sustained monomorphic ventricular tachycardia in a patient with an extensive anterior myocardial infarction. Table 1 shows the clinical data from the 21 patients with sustained monomorphic ventricular tachycardia. Patients with this arrhythmia had a high peak CK and CK-MB isoenzyme activity and a low ejection fraction, although some data were not available in patients who died early in the course of myocardial infarction. Nine (42%) of the sustained monomorphic ventricular tachycardia episodes took place during the first 4 h of the infarction. Three of these nine episodes occurred during or immediately after thrombolysis. Of the 21 index episodes, 15 (71%) occurred during the first 12 h. Eight patients (38%) were in Killip class III or IV when the index episode of sustained monomorphic ventricular tachycardia took place. The tachycardia rate was 173 Ϯ 38 beats/min (range 120 to 250). Circulatory arrest was seen in eight patients (38%) during the index episode of tachycardia and cardioversion was required in 16 patients (76%), whereas in five patients the arrhythmia was controlled by intravenous antiarrhythmic drugs. One patient died during the index episode, two patients died because of recurrent episodes of ventricular tachycardia in the same day, five patients died because of cardiogenic shock and one patient died from a late cardiac rupture. Univariate analysis for sustained monomorphic ventricular tachycardia. Table 2 shows the results of the univariate analysis comparing the characteristics of patients with and without sustained monomorphic ventricular tachycardia. No differences in age, gender distribution or risk factors were observed. Patients with sustained monomorphic ventricular tachycardia had larger infarctions than patients without sustained monomorphic ventricular tachycardia, as judged by their higher peak CK-MB isoenzyme activity, worse Killip class at admission, higher frequency of anterior wall infarctions, higher frequency of bifascicular bundle branch block and lower ejection fraction. Patients with ventricular tachycardia more often received *Time from onset of symptoms to onset of thrombolysis. †Killip class at admission. ‡Time of occurrence of ventricular tachycardia after onset of infarction. §Cause of in-hospital death. AMI ϭ acute myocardial infarction; Ant ϭ anterior wall myocardial infarction; Arrhyth ϭ death due to ventricular arrhythmia; CABG ϭ coronary artery bypass graft surgery; CK ϭ creatine kinase; CK-MB ϭ creatine kinase, MB fraction; EF ϭ ejection fraction; HF ϭ readmission due to heart failure; Inf ϭ inferior wall myocardial infarction; Loc ϭ localization of infarction; SK ϭ streptokinase; SMVT ϭ episode of sustained monomorphic ventricular tachycardia; Thromb ϭ thrombolysis; t-PA ϭ tissue-type plasminogen activator; -ϭ data not available or applicable. Data presented are mean value Ϯ SD, number of patients or number (%) of patients. AV ϭ atrioventricular; BBB ϭ bundle branch block; MI ϭ myocardial infarction; VF ϭ ventricular fibrillation; other abbreviations as in Table 1. thrombolytic therapy than their counterparts, and they had a higher mortality than those without sustained monomorphic ventricular tachycardia (43% vs. 11%). There were no differences in the characteristics of sustained monomorphic ventricular tachycardia (rate and time of presentation) between patients with and without thrombolysis.
Logistic regression analysis for prediction of sustained monomorphic ventricular tachycardia. As shown in Table 3 , among a set of 10 variables included in the logistic regression analysis (age, previous angina, diabetes, gender, hypertension, prior myocardial infarction, anterior myocardial infarction, Killip class, bifascicular block and CK-MB activity), only the following three variables were chosen as independent predictors of the occurrence of sustained monomorphic ventricular tachycardia: 1) CK-MB activity Ͼ350 IU/liter; 2) Killip class ϾI; and 3) bifascicular bundle branch block. When these three conditions were present, the probability of developing sustained monomorphic ventricular tachycardia was 35.5%.
Univariate analysis for in-hospital mortality. Table 4 shows the comparison among survivors and patients who died during their hospital stay. All comparisons demonstrated statistical differences among groups with a borderline statistical significance for a previous infarction. The presence of sustained monomorphic ventricular tachycardia was less frequent in survivors (1%) than in those who died during their hospital stay (7%).
Logistic regression analysis for prediction of mortality. As depicted in Table 5 , 12 variables obtained during the first hours of hospitalization (age, gender, diabetes, hypertension, previous angina, previous infarction, Killip class, CK-MB activity, anterior myocardial infarction, bifascicular bundle branch block, ventricular fibrillation, as well as the presence of sustained monomorphic ventricular tachycardia) were included in the model of logistic regression analysis. Among these variables, age, Killip class, presence of sustained monomorphic ventricular tachycardia, occurrence of ventricular fibrillation, diabetes, previous angina, and CK-MB activity were selected as independent predictors of in-hospital mortality. The presence of sustained monomorphic ventricular tachycardia was an independent prognostic factor associated with a fivefold increase in mortality.
Comparison between patients with sustained monomorphic ventricular tachycardia and ventricular fibrillation. Table 6 shows the results of the univariate analysis comparing the Tables 1 and 2. clinical characteristics of patients with sustained monomorphic ventricular tachycardia with those with ventricular fibrillation. Two patients with both arrhythmias were excluded from the analysis. Furthermore, six patients who had recovered from ventricular fibrillation before hospital admission were also excluded because the initiating arrhythmia could have been a sustained monomorphic ventricular tachycardia. Patients with sustained monomorphic ventricular tachycardia had larger infarctions (inferred by their higher CK-MB activity, greater incidence of anterior wall infarction and worse Killip class), more arrhythmia recurrences and higher mortality during the acute phase of infarction than patients with ventricular fibrillation. In five of the six patients with recurrences of sustained monomorphic ventricular tachycardia, the arrhythmia developed within 3 h of the index episode, whereas in the remaining patient the episode occurred 24 h later.
Follow-up of patients with sustained monomorphic ventricular tachycardia. During a mean follow-up of 29 months (range 2 to 51), 5 (42%) of 12 patients discharged from the hospital had a cardiac death. Two patients died in cardiogenic shock after a reinfarction; one had a suspected reinfarction and died at home; one was admitted with advanced heart failure and died in cardiogenic shock; and one died perioperatively during coronary artery bypass graft surgery. Before the operation, the last patient had a reinfarction complicated by three episodes of sustained monomorphic ventricular tachycardia. Another patient had a recurrence of sustained monomorphic ventricular tachycardia of a different configuration 15 months after the myocardial infarction without evidence of reinfarction. The follow-up of the remaining seven surviving patients is summarized in Table 1 . Cardiac mortality in the subset of 167 patients comprising the control group was 12% during a mean follow-up of 13 months (range 7 to 17).
Discussion
Main findings. This study shows that the occurrence of sustained monomorphic ventricular tachycardia during the early phase of myocardial infarction is a sign of extensive myocardial damage and an independent predictor of inhospital mortality. Furthermore, when compared with patients with ventricular fibrillation, patients with sustained monomorphic ventricular tachycardia have larger infarctions, a higher in-hospital recurrence rate of the arrhythmia and a higher in-hospital mortality. In addition, during the follow-up, patients with sustained monomorphic ventricular tachycardia had a high risk of cardiac events but a low probability of arrhythmia recurrence or sudden death.
Role of infarct size. The influence of the infarct size on the development of sustained monomorphic ventricular tachycardia during the early phase of myocardial infarction is not well known because this arrhythmia has not been analyzed separately from ventricular fibrillation (6 -8) . Only indirect evidence obtained from a study performed by Eldar et al. (9) suggests that there may be a relation between infarct extension and occurrence of sustained ventricular tachycardia. In a multicenter trial involving 2,776 patients, these investigators separately analyzed patients with sustained ventricular tachycardia in the early phase of myocardial infarction from those with ventricular fibrillation. In the latter study, only patients without heart failure were included; thus, the role of infarct size on the genesis of sustained monomorphic ventricular tachycardia might have been underestimated. Despite this, the work by Eldar et al. (9) still suggests a relation between sustained ventricular tachycardia and infarct size, which may explain the higher in-hospital mortality in the arrhythmia group.
Our data indicate that sustained monomorphic ventricular tachycardia occurred in patients with extensive infarctions because it was associated with a high peak of CK-MB activity, heart failure and bifascicular bundle branch block. Furthermore, the ejection fraction of survivors was severely depressed.
Animal models analyzing the role of infarct extension in the genesis of spontaneous sustained ventricular tachycardia in the early phase of myocardial infarction are scarce, and there are no reports in which the polymorphic and monomorphic forms of tachycardia were studied separately. The work by Bolli et al. (14) in a dog model of acute ischemia demonstrated that the presence of prolonged ventricular tachycardia (Ͼ10 beats/min) was related to the amount of ischemic myocardium, to the severity of myocardial flow reduction and to the increase in heart rate. Our previous observations in a pig model of acute transmural infarction without reperfusion (3) showed that spontaneous, sustained monomorphic ventricular tachycardia occurred in large infarctions induced by the proximal ligature of the left anterior descending coronary artery, whereas ventricular fibrillation occurred in either the proximal or distal coronary ligature.
Possible mechanism of sustained monomorphic ventricular tachycardia. In the subacute and chronic phases of myocardial infarction, it has been well recognized that reentry through a stable circuit involving the infarct scar tissue is the most likely mechanism of sustained monomorphic ventricular tachycardia (15) (16) (17) . In contrast, in the very acute phase of a first myocardial infarction, when no previous scar tissue is present, the mechanism of the sustained monomorphic ventricular tachycardia is not known. During acute ischemia, it has been shown (18, 19) that there are zones of slow conduction and block that may create the conditions for reentry. Our observation that patients with sustained monomorphic ventricular tachycardia have large infarcts supports the concept that, even in the absence of a healed myocardial infarction, a very large acute ischemic zone may create the conditions for a transiently stable reentry circuit capable of sustaining a monomorphic reentrant tachycardia. Alternatively, a focal mechanism linked to a high sympathetic neural drive or to mechanical stretching (20) elicited by left ventricular dysfunction could be also considered.
Prognostic implications. Our data show that patients with sustained monomorphic ventricular tachycardia had a poor prognosis and a very high mortality (43%). Moreover, sustained monomorphic ventricular tachycardia during the very early phase of myocardial infarction was an independent predictor of in-hospital mortality, even when other significant prognostic variables were included in the model of regression. In view of the very high mortality observed in these patients and also considering that many episodes of sustained monomorphic ventricular tachycardia occurred during the first 4 h of infarction, it would probably be advisable to adopt a more aggressive therapeutic approach in these patients, even considering the need for emergency catheterization and revascularization through coronary angioplasty.
Differences between sustained monomorphic ventricular tachycardia and ventricular fibrillation. We have observed that sustained monomorphic ventricular tachycardia occurred in a subset of patients different from that of ventricular fibrillation. Although this concept has been well established in chronic infarction arrhythmias (10, 11) , no comparisons have been made in the acute phase of myocardial infarction. Our data show that patients with sustained monomorphic ventricular tachycardia had larger infarctions than patients with ventricular fibrillation. Furthermore, during the hospital stay, the former group had more recurrences of the arrhythmia and had a higher mortality rate (42% vs. 15%).
Role of thrombolysis. Although reperfusion arrhythmias are very prominent in experimental studies (21), they do not seem to be clinically relevant in patients treated with thrombolytic agents (22) . The most frequent reperfusion arrhythmias are ventricular premature beats, accelerated idioventricular rhythms and nonsustained ventricular tachycardia, rather than ventricular fibrillation or sustained ventricular tachycardia (23) (24) (25) (26) (27) . A meta-analysis of ventricular arrhythmias in thrombolytic trials (7) showed that the risk for ventricular fibrillation is greater in patients receiving placebo than in those treated with thrombolytic agents, whereas the risk for ventricular tachycardia was higher in thrombolyzed patients. Nevertheless, because sustained and nonsustained tachycardias were considered together, no definitive conclusions could be drawn. In patients treated with tissue plasminogen activator, Berger et al. (6) found a lower patency rate of the infarct-related artery in cases with ventricular tachycardia or ventricular fibrillation, suggesting that these arrhythmias are more often associated with occlusion of the infarct-related artery. Although in our series there are no data on early patency of the artery, it is very unlikely that sustained monomorphic ventricular tachycardia was related with reperfusion. The fact that thrombolytic therapy was more frequently used in the ventricular tachycardia group was probably due to the higher percentage of transmural anterior infarctions associated with prominent ST segment changes. These ECG features promote a higher use of thrombolytic agents, as recently demonstrated by Sharkey et al. (28) .
Follow-up. Although patients with sustained monomorphic ventricular tachycardia had a high incidence of cardiac events and death during follow-up, the risk for arrhythmia recurrence was low. Moreover, recurrences were much lower than those observed when sustained monomorphic ventricular tachycardia occurs in patients with chronic infarctions (1) .
The poor prognosis of these patients was mainly related to the impaired ventricular function and to the increased risk for a new infarction rather than to arrhythmic events. Thus, an electrophysiologic study to guide further therapeutic interventions may not be necessary. Study limitations. One of the variables that led us to conclude that patients with sustained monomorphic ventricular tachycardia had large infarctions is the observed peak CK-MB activity; however, because many patients with a sustained monomorphic ventricular tachycardia received cardioversion this could have increased the CK-MB activity. Nevertheless, it is unlikely that this factor distorted the results, because CK and CK-MB activity was comparable in patients with sustained monomorphic ventricular tachycardia treated or not treated with cardioversion. Furthermore, patients with sustained monomorphic ventricular tachycardia had a higher CK-MB activity as compared with patients with ventricular fibrillation, even though all the patients in the ventricular fibrillation group were defibrillated. In fact, O'Neill et al. (29) , showed that cardioversion only induces a very slight increase in CK-MB activity, unless a high number of discharges are applied. A second limitation of the study is the lack of a 12-lead ECG during the episode of tachycardia in the 14 patients who required immediate cardioversion. This fact may theoretically result in a misinterpretation of a ventricular tachycardia as a supraventricular tachycardia with aberrant conduction. However, our assumption that a regular, fast and poorly tolerated wide QRS tachycardia occurring in the early phase of myocardial infarction is a ventricular tachycardia seems reasonable. A 2:1 atrial flutter with aberrant conduction could mimic a sustained monomorphic ventricular tachycardia, but this arrhythmia would have had a frequency of 150 beats/min and probably would have been well tolerated. The presence of atrial tachycardia with aberrant conduction and poor hemodynamic tolerance in the acute phase of myocardial infarction is very uncommon, and it is highly unlikely that any of these patients suffered from this arrhythmia.
Conclusions. Sustained monomorphic ventricular tachycardia occurring in the acute phase of myocardial infarction is a marker of extensive myocardial infarction associated with a high in-hospital mortality. This fact would probably warrant more aggressive diagnostic and therapeutic interventions and a longer stay in the CCU. Mortality and morbidity in patients with sustained monomorphic ventricular tachycardia during follow-up were high but generally not related to arrhythmic events.
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